A pon stimulation by contralateral, ipsilateral or bilateral noise, the medial olivocochlear efferent tract changes the amplitude of otoacoustic emissions relative to the tested ear, reducing or removing it; this resulted in a reduction/suppression effect of otoacoustic emissions. Differences in patterns of elimination/reduction of otoacoustic emissions between ears have been documented worldwide; there are, however, no Brazilian studies investigating the effect of lateral dominance.
INTRODUCTION
Suppression of evoked otoacoustic emissions or the efferent olivocochlear reflex is a phenomenon that may be characterized by the suppression of response amplitude or by latency and phase changes of evoked otoacoustic emissions when a contralateral stimulus is presented simultaneously to a recording 1 . Some authors have stated that the suppression effect of evoked otoacoustic emissions may occur when an acoustic stimulus is presented contralaterally, ipsilaterally, or bilaterally to the ear that is being tested at the time evoked otoacoustic emissions are being investigated 2, 3 . This effect results from activation of the medial efferent olivocochlear tract.
The suppression mechanism of evoked otoacoustic emissions has not been fully clarified; it is thought that the efferent olivocochlear tract in the auditory system operates as a modulator that adjusts active cochlear processes by slow contractions of the outer hair cells, attenuating rapid contractions and specifically generating a protective factor for the inner ear, by means of acoustic stimulation 4, 5 . The efferent olivocochlear tract originates around the superior olivary complex. It consists of thick myelinated fibers that project mostly (72% to 74%) to the contralateral cochlea and end directly in the cell bodies of outer hair cells; the remaining fibers (26% to 28%) extend to the ipsilateral cochlea 6 . One of the functions of this tract is to decrease the amplitude of otoacoustic emissions; this is done by a mechanism that modulates slow contractions in outer hair cells based on information transmitted by the afferent auditory system to attenuate rapid contractions. In this manner, the impedance of the system is increased, and these contractions are dampened; this process involves regulation of the length, strain and rigidity of outer hair cells 4 . The main features of suppression of transient otoacoustic emissions are: it is best studied at a 8 ms to 18 ms amplitude response interval; the amplitude of suppression increases as the intensity of contralateral noise increases; it is stronger for low intensity rather than high intensity stimuli; it is stronger for bilateral rather than ipsilateral or contralateral noise, and for shorter intervals between acoustic stimuli and contralateral noise; it is also stronger for noise lasting more than 400 ms; and, reproducible suppression effects may be seen in a test retest comparison. 1 Researchers have described differences in suppression/reduction patterns of evoked otoacoustic emissions between the right and left ear. Interaural asymmetry has been found, not only in relation to the amplitude of evoked otoacoustic emissions (it is stronger on the right), but also in relation to the action of the efferent auditory system (also more effective on the right) 7, 8 . The activity of the medial efferent olivocochlear tract in both ears of 44 normal hearing subjects aged from 19 to 29 years was studied to compare bilateral inhibition of the tract. Transient evoked otoacoustic emissions (TEO-AE) were investigated with clicks at 59 to 71 dB SPL with contralateral white noise stimulation at 30 dB HL. There was more activity of the efferent system on the right; there were no gender differences. This finding could explain the asymmetry of TEOAE -auditory sensitivity is lateralized, and temporary changes in threshold and tinnitus occur. The authors pointed out, however, that further studies are needed to explain such asymmetry 7 
.
There are no published studies in the Brazilian literature about lateral dominance of the activity of the medial efferent olivocochlear tract affecting outer hair cells and causing a suppression/reduction effect of otoacoustic emissions, thus, no comparison with international studies is possible. Therefore, the purpose of this study was to compare the suppression/reduction effect of evoked otoacoustic emissions and their amplitude relative to right and left dominance in normal hearing adults.
METHODS
This clinical experimental trial was undertaken in 2007, and followed the ethical guidelines defined by the institutional review board for research on human beings, which approved the study (number 298/2003-UEP-CEP).
The inclusion criteria were as follows: normal results in audiological testing, and presenting TEOAE bilaterally without contralateral acoustic stimulation. The series consisted of 75 adults of both sexes aged from 20 to 73 years, which were allocated to age groups as shown on Table 1 .
An ILO 292 DP ECHO Research OAE System twochannel device was used to record TEOAE without and with a contralateral acoustic stimulus; two acoustic probes were used. The signal generator issued an acoustic stimulus to evoke otoacoustic emissions (probe A) and issued a contralateral suppressive acoustic stimulus (probe B).
The parameters were: reproducibility (70%), analysis time (2.5 to 20 milliseconds), and frequency range (1 kHz to 5 kHz). The criterion for the occurrence of TEOAE was that a response was present if the amplitude of otoacoustic emissions (in dB) was equal to or higher than 3 dB SPL above noise in at least three consecutive frequencies.
Group
Total no. of subjects The conventional TEOAE recording mode was used -without and with contralateral acoustic stimulation starting always on the right ear.
The evoking acoustic stimulus in channel A was a linear click at 60 dB pe SPL (± 1) without and with contralateral acoustic stimulation. With contralateral acoustic stimulation, white noise was presented through channel B at 60 dB pe SPL (± 1).
Reduction/suppression may be defined numerically as the amplitude difference (dB NPS) of the otoacoustic emissions response without and with contralateral acoustic stimulation; the value of this difference shows quantitatively the degree of reduction/suppression. Reduction is present when the difference is positive with a decrease in the response amplitude of TEOAE with contralateral acoustic stimulation; suppression is present when TEOAE responses are extinguished. TEOAE reduction/suppression is absent when the difference is zero or negative.
For the purposes of our study, analysis of the presence/absence of the TEOAE reduction/suppression effect was based on the response value, which is the total level of values that correlate specifically with the tracings of memories A and B as analyzed using the fast Fourier transform (FFT); this is considered the true general otoacoustic emissions response after excluding background noise interference. The FFT translates the common response spectrum to memory tracings 9 . Analysis of variance with repeated measures was applied for the inferential analysis between the response and the factors ear, group, and noise 10 .
RESULTS
The factor "ear" was checked to see if it was a significant variable; analysis of variance with repeated measures found that this probability was 0.035, therefore statistically significant, as shown on Table 2 . Thus, the values for the right and left ears may be compared in the inferential analysis.
Annex 1 presents the results of comparing the presence of the suppression/reduction effect of evoked otoacoustic emissions and its amplitude relative to right/ left dominance in normal hearing healthy adults. The statistical treatment will be presented below.
Double factor analysis of variance without repetitions-alpha (significance level) equaling 0.05 (5%) -for a condition of absent noise, comparing the right and left ears, revealed that there was no statistically significant difference, as shown in Table 3 .
Again, double factor analysis of variance without repetitions-alpha (significance level) equaling 0.05 (5%) -for a condition of noise, comparing the right and left ears, revealed that there was no statistically significant difference, as shown in Table 4 . Table 5 presents the double factor analysis of variance without repetitions-alpha (significance level) equaling 0.05 (5%) -for the degree of reduction, comparing the right and left ears, revealed that there was no statistically significant difference between both ears. , and Khalfa et al. 8 , who applied similar methods, shows that the findings did not correlate. In our study, there was no statistically significant difference for the presence of the suppression/reduction effect of evoked otoacoustic emissions and its amplitude relative to right/left dominance in normal hearing adult subjects. Those authors documented differences in patterns of suppression/reduction of evoked otoacoustic emissions in the right and left ears.
The results of those authors indicated interaural asymmetry, not only relative to the amplitude of evoked otoacoustic emissions, which was higher on the right, but also the action of the efferent auditory system, which was also more effective on the right 7, 8 . According to those authors, such difference could also explain TEOAE asymmetry -lateralization of auditory sensitivity and temporary changes in thresholds and tinnitus. Those authors, however, did not explain the reasons for their findings, but highlighted the need for further studies to investigate the asymmetry 7 . Studies on suppression of otoacoustic emissions that aim to investigate differences in laterality are sparse; existing studies use a wide range of methods, which complicates comparisons. Thus, additional studies are needed for new comparisons and discoveries.
Several studies have demonstrated a range of parameters for recording otoacoustic emissions and the suppression effect of otoacoustic emissions adequately. These findings help organize methods and have shown . However, there is a gap in the factor sex and right/left ear lateralization.
The physiology and anatomy specifically of the medial efferent olivocochlear tract is poorly known, which underlines the need for more detailed knowledge about the implications of a possible lateral dominance of reduction/ suppression of otoacoustic emissions.
CONCLUSION
This study found no differences in patterns between right and left ears relative to amplitude asymmetry, and the presence of the TEOAE suppression/reduction effect in the study sample; these results differ from other papers that were reviewed. 
